Small mutations in the POU domain gene POU3F4viere recently shown to cause X-linked deafness type 3 (DFN3) in nine unrelated males. The POU3F4 gene was found to be located outside four of five deletions associated with DFN3. Two of these deletions were situated more than 400 kb proximal to POU3F4. Employing PCR analysis of sequence tagged sites from this region we initially identified novel deletions in two DFN3 patients. To investigate this chromosomal segment in more detail, we extended a previously established 850 kb cosmid contig in the centromeric direction to a total size of 1500 kb. Cosmids from this contig were hybridized to DNA of 11 unrelated males with DFN3. In two patients, we identified deletions encompassing the POU3F4 gene and variably sized segments of Xq21.1. In six of the nine remaining patients which lacked mutations in the POU3F4 gene, smaller deletions were identified which, with one exception, overlap in a 8 kb segment 900 kb proximal to the POU3F4 gene. In one patient, we identified several small deletions in the vicinity of the 8 kb DNA segment. Together, deletions account for 56% (13/23) of all known DFN3 mutations, most (10/13) of which do not encompass the POU3F4 gene. The combined molecular data suggest that the deletion hot spot region in Xq21.1 contains another DFN3 gene or, alternatively, a sequence element involved in transcriptional regulation of POU3F4.
INTRODUCTION
and, in most cases, by conductive and sensorineural hearing loss. In some cases, the conductive element is masked by a profound The most frequent cause of X-linked deafness, DFN3 -010 -C4 -Q5 --t4 ---S9 -T4 -«1 -Z1 -113-018 C3 -83 --U7 -H9 -81 -D7 ---S8 -bs -04 -IC4 --G8 -D12 -F6 -K9 -#8-B9 --C8 -A1 -A 10 ■ * -09 -E 1 - The extent o f the YACs is given with solid bars; non-X-chromosomal YAC segments are indicated with stippled lines. The cosmids given in the right part (4893D12 to 5045H5) have been described previously (9) . The cosmids at the left side (813C3 to 8 I3 Q 1 ) were subcloned in this study from Y A C 813a2. Cosmid IC4 ( G il 185) was isolated from the ICRFX-chromosomal cosmid library. All structural abnormalities depicted here are associcited with classical DFN3; only patient TD in addition shows hypogonadism. Stippled lines represent deletions.
deletions. Second, STS 34:2 was mapped as the most centromeric STS near DXS169 by Dahl et ah, whereas it mapped between the STSs 71:21/24:17/71:3 and the STS 71:2 in our study. We have observed no inconsistencies in our cosmid contig indicating that the proposed map locations of the STSs are correct.
( Fig. 3 ) which were analysed in detail. We did not find deletions in the DNA of patients 1187 and 6371 employing all cosmids from the proximal 600 kb of the cosmid contig. In DFN3 patient TALI, no deletion was found with the cosmids 8 13C4, -b5, -Zl, -H9, -IC4, -t4, -S8, and -S9.
Identification and characterization of deletions associated with DFN3
The cosmid contig enabled us accurately to map the proximal endpoint of the known deletions in patients TD (cosmid 813t4), G8314 (cosmid 813T4), and the distal deletion endpoint in patient BD6/M L (cosmid 813119) ( Fig. 2 ). In addition, we localized the proximal deletion/paracentric inversion breakpoint in patient II/7 (cosmid 813H9; Fig. 2 ). Employing Southern blot and PCR analysis, we also mapped the deletions recently identified in DFN3 patients VS and EP. As indicated by PCR analysis, both lack the entire POU3F4 gene (data not shown), At the distal side, both deletions extend beyond the cosmid contig, but do not encompass the DXS232 locus ( Fig. 2) . At the proximal side, the deletion in EP encompasses DXS169, DXS72, DXS738, but not DXS986, spanning approximately 3-4 megabases of DNA (data not shown). The proximal breakpoint of the deletion in VS was mapped in cosmid 4893A 1, 10 kb proximal to one of the duplication breakpoints in patient 5086 ( showed normal sizes in this patient, indicating that the deletion is confined to the 13 kb EcoRl fragment (data not shown).
Employing the cosmids from the proximal part of this contig, Southern blot analysis of the DNA of DFN3 patient G L revealed deletions at different positions. Cosmid IC4 identified a deletion which apparently encompasses a 6 kb EcoRl fragment (Fig, 3b ). To confirm this finding, the 6 kb EcoRl fragment was hybridized to the same Southern blot as shown in Figure 3a ,b. Indeed, as shown in Figure 4b , the 6 kb EcoRl fragment is absent. Instead, a faintly visible smear of bands, reminiscent of the picture seen for unstable trinucleotide repeats, is visible around 2.1 kb. In addition, we encountered 2.6 and 6.5 kb deletions in 81314, a 2.7 kb deletion in 813113, a 6.5 kb deletion in 813H9 ( To rule out an intrinsic instability of the chromosomal region between DXS169 and DXS26, we performed Southern blot analysis of EcoRl digested DNAs of 300 unrelated males employing cosmids 813Z1, -S9, -04, -t4, and -T4. No rearrange ments were found (data not shown). '
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Patient 6371 (MvE) is a 13 year old boy who has suffered from impaired hearing since birth. He shows a mixed hearing loss and an abnormal wide communication between the inner ear canal and the cochlea.
PCR analysis of sequence tagged sites and Southern blot analysis
The primers of the STSs employed in this study, as well as their annealing temperatures, were described by Dahl et a l (13) . 
Construction of the cosmid contig
Mapping data for YAC 813a2 have been described elsewhere (25) . Yeast cell culturing and D N A isolation was performed as described previously (37) . A cosmid library of YAC 813a2 was constructed essentially as described (38) Initially, the cosmid grids were screened with pX104f (D X SI69), PCR products from the STSs 71:21, 34:2, and 71:2, and the cosmid insert of 4893D12. Positive cosmids were cultured and D N A was isolated employing the Qiaprep spin plasmid miniprep kit (Qiagen). The cosmid DNAs were digested with EcoRI, electrophoresed in 0.8% agarose, and blotted to Qiabrane nylon membranes. By comparing the Ea?RI restriction patterns o f the cosmids, the inserts o f the cosmids at the ends of the mini-contig were used for the next screening round of the cosmid grids. After screening of the replicas of the master plates, the frozen glycerol-saturated membranes were put on top of a glass plate cooled at -79°C. The autoradiograms containing signals of positive clones were positioned on the master filters, and the positive cosmids were cut from the membrane. They were suspended in 500 p.1 LB/ampicilline, serially diluted, and plated on LB/ampicilline-agar petridishes. Plates containing approxi mately 100 cosmid clones were replica plated on nitrocellulose membranes and screened with the respective probe.
